Abstract. We carried out an integrated analysis of ecosystem services in the Doñana social-ecological system (southwestern Spain), from the providers (different aquatic plant functional groups) to the beneficiaries (different stakeholders living in or visiting the area). We explored the ecosystem services supplied by aquatic plants by linking these services to different plant functional traits, identifying relevant ecosystem services and then working our way backward to ecosystem properties and the functional traits underpinning them. We started from 15 ecosystem services associated with aquatic systems (freshwater marshes, salt marshes, ponds on aeolian sheets, temporal coastal ponds, and estuaries) and related them to plant traits (directly or indirectly through intermediate ecosystem properties). We gathered information from the literature on the functional traits of 144 plants occurring in the aquatic ecosystems of Doñana. We analyzed the species 3 trait matrix with multivariate classification and ordination techniques and obtained seven functional groups with different potentials for delivering ecosystem services. A survey was then administered to 477 stakeholders to analyze, through the use of a contingent valuation exercise, how the ecosystem services provided by the different functional groups were valued. We identified connections between individual plant traits, ecosystem processes, and ecosystem services, but a mismatch appeared between the functional groups and the economic values placed on them by the beneficiaries. We found that contingent valuation applied to ecosystem services tended to ignore the ecosystem properties and biodiversity underpinning them. Our results cast doubts over the suitability of the economic valuation framework of ecosystem services to capture the full value of biodiversity and ecosystems to people.
INTRODUCTION
Social systems and ecosystems are strongly interlinked, forming social-ecological systems (SES; Folke et al. 2003 , Turner et al. 2003 , Ostrom 2009 ). With its long and intense history of human occupation (Blondel 2006 ) and the present strong pressures from urbanization, tourism, and agriculture (Underwood et al. 2008) , the Mediterranean basin is a particularly compelling example of a SES. These human-induced pressures are altering all components of biodiversity and ecosystems in the region , including their functional trait composition. Functional traits (i.e., the physiological, structural, behavioral, or phenological characteristics of the organisms that form an ecosystem) have been shown to play important roles in the provision of many ecosystem services, especially in the case of plants (Chapin et al. 2000 , Hooper et al. 2005 , Dı´az et al. 2006 .
Here, we define functional trait composition (functional trait diversity) as the value, range, distribution, and relative abundance of functional traits of organisms (Dı´az and Cabido 2001 , Dı´az et al. 2007 . The identification of the specific component of biodiversity providing a given ecosystem service (hereafter, ecosystem service provider, or ESP) is an important starting point in ecosystem service assessment (Luck et al. 2009 , Harrington et al. 2010 . Functional groups (i.e., groups of species that show similarities in their functional trait values) are often a useful way to define ESPs because they can be constructed on the basis of those functional traits that are important to a given ecosystem property or service of interest (Luck et al. 2009 ). Additionally, research into ecosystem services requires the identification of the beneficiaries of these services (ESBs) and the way in which these beneficiaries perceive and value the service (Egoh et al. 2007 ). However, a recent review has concluded that most studies of ecosystem services do not explicitly include the preferences and values of different ESBs (Menzel and Teng 2010) . Separating ecosystem services from their perceived value, as is currently practiced, suggests that these services can be defined without reference to the values of those who benefit from them. In contrast, different ESBs usually have different priorities regarding which ecosystem services are most important to their well-being (McMichael et al. 2005 , Dı´az et al. 2011 .
In ecosystem service assessments, ecologists study the system and organismal characteristics required to deliver services, whereas economists tend to explore different approximations for determining the economic value of services. An explicit quantification of the links between the characteristics of the ESP and service provision is lacking in ecosystem service economic valuation approaches (Kontogianni et al. 2010 ). An interdisciplinary research that explores the linkages between components of functional diversity and ecosystem service delivery is therefore in order (Carpenter et al. 2009 , Anton et al. 2010 , Dı´az et al. 2011 . In this study, we integrated methodologies from ecology, sociology, and environmental economics with the aim of identifying and characterizing the ESPs, ESBs, and the way in which ESBs value ecosystem services in one of the most important wetlands of Mediterranean Europe, Doñana. The main objective of this investigation was to explore the existing gap between the supply of ecosystem services by functional diversity and the final ecosystem services valued by stakeholders (Fig. 1) . Specifically, we (1) identified ESPs through the characterization of functional groups of aquatic vegetation that contribute to services delivery, (2) identified and characterized ESBs, (3) estimated the economic value of the ecosystem services provided by functional groups, and (4) explored the gap between stakeholders' economic valuations of ecosystem services and the delivery of these services derived from functional diversity.
This integrated analysis of ecosystem services from the providers to the beneficiaries was tested in the Doñana SES. The results of this empirical study should provide information on how ESBs value ecosystem services and how well they understand the role of functional diversity in the provision of these services. We argue that this information is useful for exploring the risk associated with considering the biophysical or the socioeconomic dimensions of ecosystem services in an isolated way in conservation and environmental policies.
STUDY AREA
The study was conducted in the Doñana SES, which extends along the coastal plain of the Gulf of Cadiz from the left bank of the estuary of the Guadalquivir River to the estuary of the Tinto River in the southwest of Spain (Fig. 2) . The Doñana SES is considered the most important wetland area in Spain (Serrano et al. 2006) . For this reason, approximately 110 000 ha are under different levels of environmental protection: as a national park of 54 252 ha (designated as a Ramsar site in 1982 and a World Heritage Site by UNESCO in 1995) and as a natural park of 53 835 ha (created as a surrounding protection area in 1989).
The ecosystems of Doñana are marshes, aeolian sheets, coastal systems, and an estuary, which are collectively referred to as the Greater Fluvial-Littoral Ecosystem of Doñana (220 070 ha; Montes et al. 1998 ).
FIG. 1. Conceptual framework
showing the links between ecosystem service providers (ESPs) and ecosystem service beneficiaries (ESBs) and how we explored these links. Gray-shaded boxes on the left and right sides refer to the ecological and socioeconomic dimensions studied here. Boxes outlined by heavy dashed lines on the top and bottom refer to the identification and characterization stages.
We restricted the present study to the aquatic systems: freshwater marshes, salt marshes, ponds on the aeolian sheets, temporal coastal ponds, and the estuary.
Wetlands are well known for their important roles in providing provisioning (e.g., agricultural and fish production, water supply), regulating (e.g., sediment trapping and water purification), and cultural services (e.g., aesthetic values, ecotourism, and spiritual values) (Mitsch et al. 1995 , Wilson and Carpenter 1999 , Harrison et al. 2010 . The composition of aquatic plant communities may affect wetland ecosystem processes and the provision of the associated ecosystem services (Engelhardt and Ritchie 2002, Espinar et al. 2002) . For example, hydrophytes are involved in a number of biochemical processes in the water column (Carpenter and Lodge 1986) and are responsible for much of the productivity and nutrient retention in aquatic environments (Engelhardt and Ritchie 2002 (Garcı´a-Murillo et al. 2006) .
From the social point of view, the area is organized into 16 municipalities, with a population of c. 213 839 inhabitants, mostly devoted to agriculture and tourism. The history of Doñana SES reflects a continuous process of land use transformation (Ojeda 1992) , with agriculture having been the subsistence base of the region until around 1940 . Currently, although the Doñana protected area serves a critical role in biodiversity conservation, it is embedded in a matrix of intensive land uses, with increasing conflict between biodiversity conservation and the expansion of agriculture, tourism, and urbanization outside the protected area borders (Garcı´a-Novo and Marı´n-Cabrera 2006, Martı´n-Lo´pez et al. 2011 ).
MATERIALS AND METHODS

Data sources
Ecological data: bibliographic review of functional traits and ecosystem services provided.-Changes in functional trait diversity can potentially affect ecosystem service delivery directly or indirectly through its effects on ecosystem properties (Dı´az et al. 2007 , De Bello et al. 2010 . Following Dı´az et al. (2007 Dı´az et al. ( , 2011 , we first identified relevant ecosystem services and then worked our way backward to ecosystem properties and the aquatic plant functional traits underpinning them. On the basis of the literature, we first identified ecosystem services generally associated with aquatic systems and related them to plant traits (directly or indirectly) through intermediate ecosystem properties (Table 1) . We then conducted a literature review of all the studies of aquatic habitats in the area, identifying which species were present. We found 165 species; we selected those 144 species (belonging to 35 families) for which we were able to obtain complete functional trait information (Appendix A). We then compiled information on 16 functional traits for all species using local, national, and Europe-wide sources (Table 2) . Finally, we assessed those ecosystem services that depended on specific species.
Social data: survey design and sampling strategy.-Once we characterized the functional groups of aquatic plants that serve as ESPs, we administered a survey to explore ESBs' preferences for the services associated with such ESPs. Questionnaires consisted of the five following sections: (1) the respondent's relationship with the study area, (2) the respondent's perception of the importance of ecosystem services, (3) an economic valuation exercise to identify the respondent's preferences in relation to each ecosystem service provided by the aquatic plant functional groups (previously identified), (4) the respondent's general environmental behavior, and (5) sociodemographic information.
The survey was conducted from July 2008 to March 2009 using questionnaires applied in direct face-to-face interviews. With the aim of gaining as wide a range of social views on ecosystem services delivery as possible, the questionnaires were administered at 20 sampling points in Doñana, including offices, urban zones, visitor centers, beaches, recreational areas, and agricultural fields (Fig. 2) . The population sampled was randomly selected to cover a wide range of backgrounds, including both resident and tourist populations. Only individuals 18 years of age or older were interviewed, and the total sample consisted of 477 respondents.
The first section of the questionnaire was designed to motivate respondents to think about the study area. At the beginning of the second section, and to ensure a homogeneous level of knowledge, respondents were informed about the ecosystem services concept. We then asked their opinions on whether Doñana provided any ecosystem services. If the answer was positive, we asked respondents to name examples of services known to them (open question). After that, we presented them with a list of ecosystem services and asked them to name the most important ones. In the third section, each ESP was described in terms of its functional traits and the PLATE 1. The canopy structure and tall stature of emergent swamp plants such as rushes and sedges provide habitat for waterfowl. Illustration credit: Elena Peña-Riquelme. Dawson and Robinson (1984) , Lacoul and Freedman (2006) , Read and Stokes (2006) leaf texture Duarte et al. (1990) , Cornelissen et al. (2003) Chiarello (1989) Temporal continuity of primary production in the face of aboveground disturbance persistence in the soil seed bank seed size Thompson et al. (1993) , Leishman and Westoby (1994) , Willby et al. (2000) seed shape Thompson et al. (1993) , Bekker et al. (1998) Kendal et al. (2008) Notes: The putative mechanisms have been empirically tested in some cases but have not been evaluated in others. Additionally, we assessed ecosystem services that depend on specific species: medicinal value (Lemna minor; Thomson 1994) , direct source of food (Lythrum salicaria and Glyceria fluitans; Rivera-Nuñez and Obo´n de Castro 1991) and source of fiber for basketwork (Juncus spp.; Rivera-Nuñez and Obo´n de Castro 1991, Garrido 2000) .
Because of the difficulties in introducing this terminology in the questionnaires conducted, all of these services were conceptualized under the same category, as the capacity of the system to return to a previous state following an event of stress or disturbance (i.e., resilience ; Holling 1973). services associated with it, backed up with visual information. Respondents were asked to allocate a hypothetical amount of money for the ecosystem services provided by the ESPs. The fourth section inquired into the respondents' interests in nature, and the fifth focused on their socioeconomic characteristics. Finally, the interviewer answered two follow-up questions to summarize each respondent's attitude and understanding of the interview and its directives. The entire questionnaire is presented in Appendix B.
Data analysis
Classification of ESPs and ESBs.-Multivariate analyses were performed to explore the underlying factors explaining characteristics of both ESPs (aquatic plant functional groups) and ESBs (stakeholders). Toward this end, we organized the aquatic plant data into a single 16 trait 3 144 species matrix, and the social data into a single 18 variable 3 477 respondent matrix. Then, a principal component analysis (PCA) was conducted, based on the correlation matrix of variables, in which data are centered and standardized by standard deviation; this analytical method is considered appropriate for mixed data (Jongman et al. 1987) . The significant number of factors in the PCA was determined by following the Kaiser criterion (eigenvalue . 1). A hierarchical cluster analysis, through Euclidean distance (percentage of distance similarity at a 95% of confidence) and Ward's agglomerative method (Ward 1963) , was used to identify ESPs (plant functional groups) on the basis of their functional traits, and to characterize ESBs (groups of stakeholders) on the basis of their relationships with the Doñana SES, their perceptions of importance of ecosystem services, and sociodemographic information. This approximation has been also used in other ecological studies, such as Dı´az et al. (1992) and (2000), and Kleyer et al. (2008) .
Because leaf texture is strongly determined by C:N ratio, it is used as a proxy for nutrient content, growth rate, decomposition rate, and palatability for herbivores; the tougher the leaf, the stronger all these properties are expected to be, with the exception of growth rate, which is expected to decrease with leaf toughness (on the bases of Coley [1980] , Grime et al. [1996] , Cornelissen et al. [1999] , and Dı´az et al. [2004] ). Chapin et al. (1996) . We used exactly the same methodology for analyzing the social data (stakeholder group classification) that has been used in previous works (e.g., Garcı´a-Llorente et al. 2011) .
The variables used in the ESP and ESB analyses are shown in Tables 2 and 3 , respectively. To explore the statistical differences between the traits describing the different ESPs, we used Kruskal-Wallis and ANOVA tests.
Willingness to pay (WTP) for ecosystem services provided by aquatic plant functional groups.-To assess the value assigned by different stakeholders to different ecosystem services, we used contingent valuation (CV), an economic valuation technique. This valuation technique is a stated preference method that elicits public preferences by directly asking people how much they would be willing to pay (or accept) for a change in the quantity or quality of a given environmental good or service in a hypothetical market (Mitchell and Carson 1989, Turner et al. 2010 ). The approach is known to have a number of limitations, especially when applied to environmental issues. For example, as based on neoclassical economics, CV assumes that individuals in a society have rational preferences, try to maximize their utility, and that social interest is an aggregation of individual interests (Dequech 2007) . Other criticisms relate to the fact that willingness to pay (WTP) is unavoidably a function of ability to pay, which has implications for equity (Jorgensen et al. 2001) , and it attempts to assign a monetary value to things that are considered to be incommensurate with monetary valuation (Pearce 2000 , Aldred 2006 ). There is also a continuing debate regarding the suitability of CV for environmental decision-making because of possible biases arising from, for example, strategic responses, unfamiliarity or sequencing effects (Carson et al. 2001 , Schla¨pfer 2008 ). However, the method provides abundant information relevant to designing conservation policies (Turner et al. 2010 , particularly when its WTP results are viewed as attitudes or social preferences rather than as indicators of economic preferences (Kahneman and Ritov 1999) . Specifically in the case of ecosystem services, some authors have argued that CV should help detect and communicate changes in ecosystem service provision (Kontogianni et al. 2010 , Pascual et al. 2010 . In other words, it is argued that CV should be useful in highlighting the connections between the economic valuation of ecosystem services and the biological systems underpinning them, thus increasing the socalled ''visibility of nature'' in valuation (Sukhdev 2011 ). To our knowledge, this argument has not been tested in specific case studies. Therefore, we set out to test this proposition in the Doñana SES, being aware of both the limitations of the economic valuation technique and its widespread use.
An open-ended elicitation format was used to generate a more realistic and direct measure of the maximum WTP without a starting bid (which could influence respondent maximum WTP) (Bateman et al. 2002) . A common problem in open-ended CV-bid analyses is a large number of responses with zero values (Mitchell and Carson 1989) . This result is due to respondents choosing not to contribute (represented by zero monetary value) and a continuous positive distribution of WTP amounts for those respondents who were willing to contribute. When a dependent variable has a concentration of observations at a specific limit, conventional multiple regression is not an appropriate statistical method (Lee and Maddala 1985) . In such cases, it is necessary to use a censored model, such as the Heckman model (Heckman 1979 ). The Heckman model uses two different equations: the first explains the respondent's decision to pay or not to pay through a probit regression, and the second explains the positive value of the WTP through ordinary least squares (Sigelman and Zeng 1999) . The model maintains the assumption of dependence between the two decisions by analyzing the covariance between the error terms. Furthermore, the Heckman model assumes that a distribution for the second stage variable (the amount of WTP) exists but is not observed when the dependent variable is beyond a given threshold (e.g., when WTP , 0). Following Sigelman and Zeng (1999) , the Heckman model is a response to sample selection bias, which arises when data are available only for cases in which a variable reflecting ''pay,'' z*, exceeds zero. For more details about the Heckman model, see Martı´n-Lo´pez et al. (2007) and Garcı´a-Llorente et al. (2008) . The variables used in the Heckman model are presented in Table 3 .
We censored WTP results using the Kaplan-Meier survival curve when the probability of the respondents agreeing to give money was less than 2% and when the questionnaire was incomplete (Bateman et al. 2002) . In total, 404 questionnaires were used in the economic valuation exercise. The results obtained from the Heckman model were analyzed by ANOVA to determine the influence of the ecosystem services categories on WTP. Finally, the results generated by the Heckman model were analyzed using canonical correspondence analysis (CCA) to ascertain the noneconomic factors that influenced WTP and how they were related to ESBs and ESPs.
RESULTS
ESPs: aquatic plant functional groups with different potentials to contribute to ecosystem properties and services
Seven functional groups were obtained by applying multivariate analyses (76.47% of dissimilarity in the cluster analysis) to the 144 plant species by a data set of 16 functional traits (Fig. 3 and Appendix C). The ordination of species by their traits using PCA produced eight factors with eigenvalues higher than one, explaining 72.09% of the variation in the attribute data (Appendix D). Thus, the functional groups obtained represent species with different functional trait values which, therefore, should be able to provide different ecosystem services. The characteristics of the seven ESP groups are shown in Table 4 . These, together with their links to the ecosystem properties and services presented in Table 1 , are summarized below. Note that the characteristics of each group define the majority of its members but do not necessarily apply strictly to every single species in the group. Group 1.-Small-statured sedges and rushes that require root submersion during at least part of the year and salt-tolerant chenopods that tolerate (but do not necessarily require) temporal root submersion. In general, members of Group 1 have dense root systems that contribute to soil formation and fertility. Their leaf texture (in the cases of Juncaceae and Cyperaceae) and plant height make them very suitable for consumption by livestock (see Table 1 ).
Group 2.-Small-statured, perennial fern allies (quillworts); they have a single basal growth point, small leaves, no obvious physical defenses, and reproduce only by spores. The early phenology and characteristic underground bulb-like rhizomes are related to a peak primary productivity early in the season, which should facilitate the temporal continuity of primary production during droughts that tend to occur later in the season. Their dispersion of spores by water should facilitate the in-situ perpetuation of these species as well as their distribution throughout the landscape (see Table 1 ).
Group 3.-Emergent swamp plants, mostly rushes and sedges, generally perennial, with tough leaves, low body flexibility, large stature, rhizomes, visually attractive foliage, and wind-dispersed propagules (Table 4) . Some of these perennial species develop dense networks of rhizomes and roots that can influence the physicochemical characteristics of the sediment, contributing to soil formation and fertility. The tall stature of this group should contribute to bird habitat (see Plate 1). In terms of cultural values, some of these species have aesthetic value associated with their foliage, which is visually attractive from autumn to winter. Traditionally, they have been used as basketwork material (see Table 1 ).
Group 4.-Free-floating (on the water surface or submerged) plants, generally with small leaves and small, water-dispersed dispersules and multiple apical meristems; they spread by stolons and show early phenology. Their body flexibility protects them against ungulate trampling, and their early phenology should help maintain primary productivity as is the case of Group 2. A number of medicinal properties are associated with this group; for example, Lemna minor leaves are used to treat intestinal inflammation.
Group 5.-Submerged plants anchored to the sediment, generally with multiple apical meristems, rhizomes, early phenology, and dispersal by water. Their leaf texture and vertical shoot architecture are indicative of fast growth and high tissue quality, which should provide suitable bird forage and contribute to macronutrient recycling and soil formation and fertility. The early phenology of these species should help maintain primary productivity during seasonal droughts. Additionally, because of their rhizomes, some of these species likely contribute to water filtration and the retention of suspended matter, resulting in enhanced water quality.
Group 6.-Plants anchored to the sediment with vertical roots, some of them with emergent leaves; others completely submerged, with multiple apical FIG. 3 . Cluster analysis of aquatic plant functional groups (ESPs) defined on the basis of the 16 functional traits listed in Table 2 .
December 2011 3091 ECOSYSTEM PROPERTIES AND SERVICE VALUES meristems and simple roots anchored to the sediment with submerged and emergent leaves. Some of the species with emergent leaves (e.g., Ranunculus spp., Callitriche spp.) have the potential to provide habitat for aquatic invertebrates. Their leaf texture and vertical shoot architecture are indicative of fast growth and high tissue quality, which should favor macronutrient recycling and soil formation and fertility. The early phenology, small seed size, and seed shape are associated with persistence in the soil seed bank and peak primary productivity early in season. Both of these properties should favor the temporal continuity of primary production during disturbance events and seasonal droughts. Finally, the visually attractive flowers of some of the species in this group, such as Ranunculus spp., Alisma spp., and Apium spp., provide recreational and aesthetic services.
Group 7.-Plants anchored to the sediment with horizontal roots, some of them with emergent leaves, others completely submerged; mostly perennial, with visually attractive flowers that enhance the aesthetic value of the habitat. Their spread through horizontal roots should contribute to runoff retention and hence to water regulation. Some of the species in this group are used directly as a source of food (Lythrum salicaria and Glyceria fluitans). Family representing more than 20% of the species in each group. à Heterogeneous functional group with several families (e.g., Potamogetonaceae, Scrophulariaceae, Ranunculaceae, Poaceae, Lamiaceae, Polygonaceae, or Haloragaceae), none of which represented 10% or more species.
ESBs: stakeholder groups with different ecosystem service demands
Three factors derived from the PCA characterized the relationship of the ESBs with the study area: relation with the Doñana SES, sociodemographic characteristics, and perception of the importance of ecosystem services (Appendix E). Factor 1 (27.23% of variance explained) was associated with items that represented respondents' relationship with the Doñana SES, such as their motivation to be there (i.e., working in primary sector and conservation interest), the distance from their place of residence to the study area, and their familiarity with Doñana. The variables conservation interest and distance were related to positive loadings, whereas working in primary sector and years of familiarity with the study area (years familiar for short) were related to negative loadings. Respondents who traveled to the area from greater distances were more likely to consider the conservation values of the natural area, whereas respondents living in or near the area were more likely to benefit from the provisioning of ecosystem services generated by agricultural fields. The items loading on Factor 2 (17.66%) were related to the respondents' sociodemographic characteristics. This latent variable was interpreted in terms of age and education level variables, with younger respondents being associated with higher levels of education. Finally, Factor 3 (15.42%) was associated with items related to the ecosystem services provided by Doñana SES. The variables that contributed most to this factor (in the positive loadings) were the recognition of the Doñana ecosystem supplying services and the number of ecosystem services provided. The cluster analysis conducted (77.65% of dissimilarity) with the latent factors obtained from the PCA indicated the existence of six ESBs: locals with low dependence on provisioning ecosystem services (19.7%), locals with high dependence (5.5%), environmental professionals (18.9%), other professionals (29.4%), general tourists (4.0%), and nature tourists (22.6%) (Fig. 4) .
A more detailed characterization of the ESBs can be seen in Table 5 . Local users were respondents whose residence was within the Doñana SES and whose environmental behavior, level of education, and income were the lowest. We identified two groups of locals: locals with high dependence on provisioning ecosystem services and locals with low dependence. Both groups recognized the importance of Doñana as a provider of ecosystem services (100% and 88% of locals with low and high dependence, respectively). However, locals with high dependence were, in particular, individuals whose work depended directly on provisioning services, such as fishermen, beekeepers, crayfish fishermen, seafood collectors, rice farmers, and farmers practicing other forms of agriculture, therefore this group was actually expressing a utilitarian relationship with provisioning services. They also recognized air quality, individual satisfaction for conserving biodiversity, and tourism as the most important services. Finally, they named conservation interest and their jobs being linked to working in primary sector as motivations for living there. In contrast, locals with low dependence had a minor relationship with provisioning services. They selected air quality, individual satisfaction for conserving biodiversity, and environmental education as important ecosystem services.
Environmental professionals and other professionals had the highest levels of education in our sample, and most of these individuals were involved in management or research on the Doñana SES or were interested in conservation. Air quality, environmental education, and individual satisfaction related to conserving biodiversity were the most important ecosystem services for both of these groups. The difference between them was that environmental professionals expressed an interest in nature conservation and presented higher environmental behavior (in terms of the number of protected areas visited and their membership in environmental nongovernmental organizations). Furthermore, environmental professionals differed from other groups because they named a larger number of examples regarding the services provided in the area in response to the open question (Table 5) .
Both groups of tourists traveled from longer distances, had the lowest familiarity with the study area (less than 5 years living there or visiting it), as compared with other stakeholders, and were there because of conservation motivations. The major difference between the two groups of tourist was in their concern about the ecosystem services supplied by Doñana ecosystems. General tourists were the only group unable to provide any examples of ecosystem services provided in the area in the open question. In fact, in the first question, regarding whether they considered Doñana as an ecosystem service provider area, they revealed a complete lack of knowledge. Nature tourists enjoyed different activities in nature and were environmentally aware. In contrast to locals, nature tourists only recognized regulating and cultural services. Interestingly, the only ecosystem service considered important by all ESBs was individual satisfaction for conserving biodiversity, i.e., the existence value (Table 5) .
Economic valuation estimations
Of the total respondents, 38.3% in the economic valuation exercise refused to pay. Zero values were recorded for 9.84% of them (reflecting an indifference as to whether or not an ecosystem service was provided), and the remaining 28.46% provided protest responses (reflecting respondents' protesting against the valuation scenario). Particularly, local users provided the highest percentage of protest responses, followed by tourists and professionals (for more details, see Garcı´a-Llorente et al. 2011) .
We found eight significant variables explaining the probability of participation in the economic valuation exercise in the probit regression (Table 6 ). The variables number of ecosystem services, water quality, soil quality, individual satisfaction for conserving biodiversity, and NGO were positive and statistically significant, whereas provisioning services, years familiar, and age were negative. Respondents who recognized the contribution of regulating and cultural services to their well-being and respondents with a high degree of awareness of environmental issues had a higher probability of participating in the economic valuation exercise. Furthermore, younger respondents were more aware of issues pertaining to ecosystem services than older respondents and were more willing to participate, and younger respondents also had a lower degree of familiarity with the study area. Thus, respondents who had been living in the area all their lives or for long periods, as well as respondents dependent on provisioning services, were less willing to participate.
In the second stage of the Heckman model (Table 6) , we found five statistically significant and positive variables: distance, number of ecosystem services, water quality, individual satisfaction for conserving biodiversity, and NGO; age was a negative variable. A higher level of awareness of environmental issues promoted an interest in supporting ecosystem services delivery, reflected in higher WTP. Additionally, respondents who traveled greater distances to visit Doñana were more likely to have higher WTP than residents. Finally, younger respondents who recognized the importance of ecosystem services contributed higher amounts.
An analysis of the economic contributions considering the different ESBs showed differences in the overall mean WTP among them (ANOVA, F 5, 398 ¼ 8.709, P , 0.01). The ESBs who contributed higher amounts were both groups of professionals, followed by tourists and local users (Table 7) . The attitudes surrounding WTP for ecosystem services delivery showed that the total sample was more willing to contribute to regulating services (i.e., soil formation and fertility, water purification) than to provisioning services (i.e., direct source of food, medicinal value). Recreational-aesthetic services received the lowest support (Table 7) .
Different relationships between the ESBs and their WTP for particular ecosystem services were also found in the CCA (Fig. 5; Appendix F) . Factor 1 captured indirect use values vs. direct use values (in the sense of Pearce and Turner 1990), i.e., the values derived from regulating services vs. values resulting from the direct use of aquatic plants. The ecosystem services with positive loadings were related to direct use values, such as cultural and provisioning services, whereas the negative loadings were associated with indirect use values (i.e., regulating services). Nature tourists and local users with high and low dependence were associated with direct use values, whereas environmental professionals and other professionals were associated with indirect use values (soil formation and fertility and habitat and food for birds, respectively). Factor 2 captured extractive uses vs. non-extractive uses. Nature tourists were associated with non-extractive values, such as the recreational-aesthetic services provided by the aquatic plants. Locals were related to WTP for provisioning services. These results point to a clear link between ESBs and the type of ecosystem service valued, but no clear evidence of a relationship between ESPs and ESBs.
DISCUSSION
In this study, we simultaneously considered both dimensions of ecosystem services: ecological (ESPs) and socioeconomic (ESBs) aspects of the aquatic ecosystems of Doñana. In recent decades, and more recently since the European Water Framework Directive (Council of the European Communities 2000), the number of studies regarding aquatic plants in Europe has increased. Particularly, a number of studies have focused on the characterization of macrophyte diversity in a particular area (e.g., Ferreira and Aguiar 2006, Hrivna´k et al. 2006) or the relationships between macrophytes and environmental conditions for the creation of water quality indices (e.g., Meilinger et al. 2005 , Stelzer et al. 2005 , Coops et al. 2007 ). Willby et al. (2000) is the only study we are aware of that classifies European hydrophytes on the basis of homogeneous sets of traits, but it does not link this information with the functions of these aquatic plants or their delivery of ecosystem services. Engelhardt (2006) associated aquatic plant functional traits with multiple ecosystem functions but not with ecosystem service delivery. In the present study, we classified Doñana SES aquatic plants on the basis of their functional traits into seven functional groups (ESPs) with different capacities to contribute to the provision of ecosystem services. We then classified the beneficiaries of ecosystem services (ESBs) according to their relationships with the study area, their perceptions of the importance of ecosystem services, and their sociodemographic characteristics, following previous studies by Martı´n-Lo´pez et al. (2007) and Garcı´a-Llorente et al. (2008) .
Our results suggest that all ESBs were aware of the importance of protecting biodiversity. We found that all of them recognized the individual satisfaction of conserving biodiversity as one of the most important ecosystem services of Doñana's aquatic ecosystems. Furthermore, biodiversity was one of the explanatory variables in the economic exercise. In other words, respondents who perceived the importance of Doñana's biodiversity were also more willing to participate in the economic exercise and more willing to contribute higher hypothetical amounts of money. Preferences for an array of ecosystem services associated with biodiversity had been studied previously, and the results agree with those of our study in pointing to regulating services as significantly more important to the more educated respondents than the other services (Sodhi et al. 2010) . In contrast, ecosystem services associated with recreational and aesthetic values appear to be the least important (Montgomery 2002) . In our results, attitudes related to WTP for sustaining services showed the same trend: respondents were more willing to pay for regulating than for provisioning services; the cultural services received the lowest support. We also found that ESBs who contributed with higher amounts were both groups of professionals, followed by tourists and local users. It is interesting to note that even local users gave higher hypothetic donations to regulating services than to provisioning services. This statement, along with the fact that local users exhibited a less favorable response to the hypothetical market through higher rates of protest answers (for more details, see could be related to a reaction of locals toward paying more for ecosystem services with direct extractive value and a local opposition toward conservation policies (Elbersen 2001 . In summary, we found that the respondents were concerned about biodiversity conservation, and they were also aware of the importance of different ecosystem services-regulating services in particular-for their welfare. However, as we show below, they did not necessarily make connections between biodiversity and the continued delivery of these services.
Mainstream ecosystem service valuation is dominated by economic evaluation techniques. In general, these have shown low sensitivity to the ecosystem properties and components of biodiversity that underpin the different ecosystem services (Vatn and Bromley 1994 , Kontogianni et al. 2010 , Spangenberg and Settele 2010 . According to some authors (e.g., Barkmann et al. 2008 , Kontogianni et al. 2010 , this limitation could be overcome by the explicit identification of ecosystem properties and their providers and their formal inclusion in the economic valuation process. We tested this approach and found that, in general, respondents failed to identify associations between the ecosystem services they valued and the ESPs (aquatic plant functional groups) with the best potential to provide them. Respondents' economic valuation of ecosystem services tended to ignore the ecosystem functions and biodiversity behind them even when thorough information on these functions was incorporated into the exercise. Therefore, at least in the case study analyzed, the explicit incorporation of ESPs did not substantially increase the ''visibility'' of components of biodiversity or ecosystem properties underlying ecosystem services in the economic valuation of these services. What are the causes for this apparent failure to improve the visibility of nature (sensu Sukhdev 2011) in ecosystem service valuation? Although our study case was clearly not designed to formally reject rival explanations, some reasons for this disconnect can be proposed. First, the SES studied may involve peculiar circumstances (ecosystem services, elements of biodiversity, beneficiaries) that make it an exception and we cannot rule this out with only one case study. In particular, Doñana SES is an example of the conservation against development model (Folke 2006) , which is based on protecting biodiversity inside the protected area and allowing land use intensification surrounding its borders . The restricted access to some of the ecosystem services traditionally used by local stakeholders inside the protected area promotes a mismatch between social and ecological systems. Additional contributing factors may be that the links between some of the services and the ESPs, and the differences among some of the ESPs, are arguably too subtle for some ESBs to recognize. A second explanation lies in the fact that in this case, both ecosystem services and the traits that make some ESPs more suitable than others for the provision of those services were pre-defined by the researchers. Although this is still the most common practice, the categories defined by the researchers might not have been fully compatible with those of the ESBs, and the causal links explained to respondents might not have been fully clear to them or might have been too novel to have a significant influence on their responses. The difficulty in forming consistent decisions about unfamiliar ecosystem services has limited the applicability of the conventional CV approach (Carson et al. 2001 , Barkmann et al. 2008 . Some authors have argued for the need to let ESBs identify ecosystem services and functional diversity components linked to them in their own terms (e.g., De Chazal et al. 2008 , Que´tier et al. 2010 , Dı´az et al. 2011 . However, to our knowledge, this approach has yet to be combined with economic valuation techniques. Until that happens, it is difficult to assess whether the pre-definition of ESP and ecosystem services by researchers has a significant impact on ESB responses in CV studies.
Third, the fact that the methods applied in this article failed to increase the visibility of biodiversity or ecosystem properties in the economic valuation of ecosystem services may be the result of inherent limitations of the economic valuation techniques themselves. As described in the Methods section, mainstream economic valuation has a number of problems when applied to natural resources, related to: some of its underlying economic assumptions (Dequech 2007) , its (Spangenberg and Settele 2010) , and the interests of stakeholders who are not closely involved with mainstream markets (Trainor 2006) . Other critics emphasize the fact that CV exercises are unreliable because they can only deal with consumer preferences (based on conceptions of the good lives that individuals seek for themselves) but not with citizen preferences (based on conceptions of the good society provided by the consideration and agreement of others). A way to strengthen CV exercises against the latter limitation, but not necessarily against the other limitations mentioned above, is to apply deliberative methods.
In these methods, individuals participate in a discursive process in which they construct collective judgments as citizens about the value of a public environmental good (Sagoff 1998 , Spash 2007 , Hermans et al. 2008 ). In addition, new environmental economics techniques, such as choice experiments, in which any ecosystem service can be described in terms of its characteristics, could help respondents to make more informed decisions and avoid the misspecification bias that has traditionally distorted the valuation results in CV methods (Bateman et al. 2002 , Barkmann et al. 2008 , Schla¨pfer 2008 . The fourth explanation is related to the ability of the economic valuation approach to visualize the importance of biodiversity for human well-being through reframing ecosystem properties as services values (Sagoff 2011). When we translate an ecosystem function by Empty cells reflect the fact that not all variables were used in both analyses. P , 0.10; * P , 0.05; ** P , 0.01; *** P , 0.001. reframing it as an economic value of services, there is a risk of hiding the contribution of the ESPs involved in the provision of these services (Peterson et al. 2009 ). This situation may result in problems when applying the economic valuation frameworks of ecosystem services based on the best ecological information (Luck et al. 2009 , Kontogianni et al. 2010 together with more pragmatic and economic approaches (Boyd and Banzhaf 2007, TEEB 2009 ). In fact, our findings do suggest that simply incorporating ESP and ecosystem processes into the CV exercise is not enough to overcome the lack of visibility of nature in the economic valuation of ecosystem services. At this point, far from making people fit the neoclassical economic model, perhaps researchers should focus on rethinking the model to conform more closely to society, questioning the underlying assumption that ecosystem functions can be made fully visible by defining them through the economic value of their derived services. The ecosystem service valuation framework can be informative, but the dominance of its economic dimension may be distracting (Norgaard 2010) . All four of these aspects-the uniqueness of the Doñana situation, the a priori definition of ecosystem services and ESP categories by researchers, the inherent bias of the CV technique, and the intrinsic limitations of the economic valuation framework to adequately reflect nature's value to people-might have influenced the outcome of our case study, and only further work will allow us to find out in which proportions.
There is abundant evidence that the concept of ecosystem services is making societies, from individuals to national governments and international conventions, more aware of and willing to protect biodiversity and ecosystems. However, it has been increasingly argued that techniques based on neoclassical economics and markets and on a single metric (often money) fail to consider the many realms of value that people place on ecosystems (Trainor 2006 , Norgaard 2010 . Because of that, some authors advocate for the valuation of the benefits provided by nature with criteria other than, or in addition to, economic methods (Trainor 2006 , Spangenberg and Settele 2010 , Dı´az et al. 2011 . For example, in study cases like ours, the importance of biodiversity for human well-being could be assessed through the analysis of the connections of specific components of functional diversity with the specific interest and priorities of different ESBs who are asked to rank their priorities by importance to their quality of life, without the need to express this value in monetary terms (Dı´az et al. 2011) . FIG. 5 . Canonical correspondence analysis (CCA) ordination diagram depicting the relationship between ecosystem service beneficiaries (ESBs; lightface italic type) and their willingness to pay (WTP) for ecosystem service providers (ESPs) and ecosystem services (open squares). Key to abbreviations for aquatic plant functional groups generating each particular ecosystem service: G1, group 1; G2, group 2; G3, group 3; G4, group 4; G5, group 5; G6, group 6; G7, group 7.
